The 79 Br and the 127 I NQR spectrum of tert-butylammonium bromide and iodide, respectively, was studied as a function of temperature. No phase transition was observed for the bromide in the temperature range covered. The 79 Br NQR frequency is 9.056 MHz at 113 K and increases with increasing temperature (10.040 MHz at 293 K).
Introduction
The tert-butylammonium ion [(CH 3 ) 3 C(NH 3 )]® is, in first approximation, nearly spherical; it is an isoelectronic isomer to the tetramethylammonium ion. In tert-butylammonium halides hydrogen bonds are expected and therefore less symmetric crystal structures as those observed for the tetramethylammonium halides are quite likely. In recent time we have studied a number of alkyl-and arylammonium halides by 79,8ig r anc j t27j nuc i ear quadrupole resonance, NQR, and also by X-ray crystallography. The NQR studies are quite useful to gain a first inside into the symmetry of the solid considered; also phase transitions can be observed in a rather convenient way, see e.g. [1] [2] [3] . Furthermore, from the measured frequencies, conclusions about the bond character are possible. In the following we report on 79 Br NQR studies of [(CH 3 ) 2 3 ]®I e , both as functions of temperature. The crystal structure of tert-butylammonium bromide is also reported.
Recently Ishida et al. [4] have reported *H NMR studies on the cation motion in tert-butylammonium chloride and bromide.
Experimental
The title compounds were prepared from tert-butylamine (Aldrich), dissolved in an alcohol-water mixture, and hydrobromic acid, hydroiodic acid, respectively. The solutions were concentrated, the precipitated solids separated and recrystallized with water as solvent.
The 79 Br-and 127 I-NQR measurements have been done with a superregenerative spectrometer. The wanted temperatures of the probes were created by a temperature and flow regulated nitrogen gas stream. The temperatures given are accurate to +0.5 K and the frequencies reported are accurate to + 3 KHz.
For the crystal structure determination a 4-circle diffractometer was used. Suitable crystals for the X-ray work were grown from aqueous solution. The experimental conditions for the X-ray work and some crystallographic data are given in Table 1 . The structure was determined by direct methods [5] , The hydrogen coordinates have been taken from difference Fourier synthesis and all coordinates were refined by least squares procedure [6] .
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Results and Discussion

Crystal Structure of tert-Butylammonium bromide
The crystal structure of tert-butylammonium bromide was determined in the usual way (see above). In Table 1 the information on the experimental details is given together with some crystal structure data (lattice constants, space group, etc.). In Table 2 the relative atomic coordinates are listed together with the thermal parameters, and in Table 3 intra-and intermolecular distances are collected. In Fig. 1 the unit cell of the title compound is projected along [010] onto the ac-plane. As seen from that projection, each of the three hydrogen atoms of the NH 3 group forms a hydrogen bond with an adjacent Br e ion and each of the bromines in the lattice is involved in three hydrogen bonds, in total a rather simple hydrogen bond scheme. The involved distances Br ... N are between 332 pm and 335 pm, the involved distances -H -Br are between 225 pm and 230 pm, see Table 3 .
Through the hydrogen bonds, a double chain of ion pairs [(CH 3 ) 3 CNH 3 ]®Br e is formed, running along [001] at x = 0.25 and at x = 0.75. The planes (100) and (200) are the ones through which van der Waals interactions of CH 3 groups should exist; solid tert-butylammonium bromide forms a layer lattice. Ishida et al. [4] determined from powder diffraction data the unit cell of tert-butylammonium bromide to be orthorhombic; the lattice constants they give (1831 pm, 918 pm, and 900 pm) are in very good agreement with the results from the present single crystal study. These authors also state that tert-butylammonium chloride is isomorphous with tert-butylammonium bromide.
Br NQR Spectrum of tert-Butylammonium bromide
In Fig. 2 we show the temperature dependence of the 79 Br spectrum of (CH 3 ) 3 CNH 3 Br. We have Table 4 the coefficients of (1) 
402.5(12) C (2) . ,.C" 3) 406.0(12) c (3) . ..C' (4) [7, 8] of the temperature dependence of NQR frequencies. Most likely, the dynamical behavior of the cation in the lattice may be responsible for the positive temperature coefficient found. Also, the rather low mean NQR frequency points to a mainly ionic situation of the bromine ions in the lattice; in such cases the theory of Bayer is not adequate. We have anions Br e in the lattice, and the electric field gradient tensor, EFGT, at the Br e site is determined by the ion distribution in the lattice and by the hydrogen bonds N-H • • • Br. The latter effect could be studied by changing the hydrogen bond strength to a certain extent via a replacement of H by D. From the 79 Br NQR frequencies, which are rather low, a small EFG must exist at the bromine site. This is not surprising, since the three hydrogen bonds to the Br e are of quite symmetric geometry, with nearly equal distances and nearly equal angles N-H • • • Br, see Table 3 and Figure 1 . We could not observe the 79 Br NQR below 100 K; no signal was observed at 77 K. This disappearance of the 79 Br NQR may well be connected with a phase transition at around 100 K due to some change in the dynamical behavior of either the NH 3 group or the CH 3 groups or both.
From their T t ('H)-MNR measurements, Ishida et al. [4] have been able to calculate the activation energy of the cation motion in tert-butylammonium bromide 2 . Also some resonance frequencies are given for selected temperatures, n is the number of data point taken in the experiments and a is the standard deviation in the least squares adjustment. 7j... T2 is the temperature range for which the polynomial is valid. Figure 3 gives the frequencies v : for the transition m-±1/2 <-> m= ±3/2 and in Fig. 4 the frequencies v 2 for the transition m-±3/2 <-*m = ±5/2 are plotted. In Table 4 we have listed the coefficients of the power series development for v( 127 I) = /(T), following (1). From the frequencies for both transitions, the nuclear quadrupole coupling constant, NQQC, given as e 1 qQh~l = e<P zz Qh~1 and the asymmetry parameter rj = \4> xx -(P yy \/\<P, z \ of the EFG can be calculated by solving the secular equation [10] . e is the unit charge, Q the nuclear quadrupole moment, <P zz = eq is the main principal axis of the EFGT, and h is the Planck quantum number. Following [9] , e<t> zz Qh~1 ( 127 I) and rj( 127 1) have been calculated; the results are listed in Table 3 and shown graphically in Figure 5 . From Figs. 3-5 , on a first glance, one immediate-ly recognizes that there is a phase transition of [(CH 3 ) 3 C(NH 3 )]®I e in the temperature range 350 K to 370 K. The transition shows pronounced hysteresis. By increasing the temperature, the low temperature phase II transforms into the high temperature phase I at % 370 K whereas the transition of phase I into phase II, by lowering the temperature, occurs at ~ 350 K. Without information on the crystal structure, at present time, we can draw the following conclusions about the structure from the 127 I NQR results [11] : a) Below 260 K no NQR signal is observable; a freezing in of some degree of freedom of the cation may occur in this temperature range, b) the temperature dependence of v 1 ,v 2 ,e<P zz Qh~1 ( 127 I), and T/( 127 I) show a strong influence of molecular dynamics on the EFG acting at the iodine site in phase II, c) both, phase I and phase II have only one crystallographically independent iodine in the unit cell and quite likely one of the two phases observed may be isomorphous to (CH 3 ) 3 CNH 3 Br.
